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Mr. James R. Hoffa 
Oeneral Presldent 

Intematlonal Brotherhood of Tea.’nsters Unlon W t ^ 

25 Loulslana Avenue, N. W. ^ 

Uashlngton 1, D. C. 

Dear Mr. H ffa; 

I have been advlsed by Mr. Nlcholaa P. Morrlssey, Massachusetts 
Presldent of the InternatJonal hrotherhood of Teamsters Unlon, 
to oontaot your cfflc*. It Is s^ldom that one has a valld 
reaaon to Interpupt the bnsy sjhoihili* of the Presldent of such 
a large organlzat' ^ n. H W‘'v-r, iir pro'eot Is of the magnltude 
we feel, to justlfy such an Intorruptlon. 

Ncw8paper8, magazlnes, and natl nal statistlcs make us constantly 
aware of the need f-r educatlon at all levels. It seems strange 
that a oountry ao advanc**d as rur country has, in part, over- 
loolced the educatlon of the ^orranan. Thls large body of indivi- 
d\ial8 has little opportunlty to s^cure additlonal education 
beoause of the lack of exlotlni pr-.grams, or their financial 
8tatU8. 

We are aware of th • mat’.y unif’n pollcles wh1ch have been and 
are presently def'nd'n, tho ’nt'*t'rlty and welfare of the 
worklng nan. B*:ai.8e of thlo, we kn w that you wlll be 
Intercsted In the prorram W” are proposlng You would be 
plon«**r;n.' another unl:)n Dcnoflt -- that of self-educatlon 
whloh w uld have as Its g al a m< re effectlve and 
knowledreable unlon rn^rber. 

Programmed Inotructlon !s a pr :'ven method of presentlng Informa- 
tlon In a dl{eoted form, whlch Is quickly Injeated by the person 
partl :lpatln..' In the C'uroe. Thls study ellmlnatea the need for 
oentral-slte tralnln,/ and Incroases the capablllty of the 
Indlvldual tc loam by hlmself. It l8 not dlfflcult for us to 
ooncrlv^ of drlvero uHlni? thl8 study .method on trlps and at homo, 
for It co»8 n:5t req'.ilr: tl.at an Instructor be preaent, and It Is 
oomplet-ly p rtable. 

T' asslst yt;v In untlerotar.dlng cu.” pr' pnsal, I am encloslng a 
booklet whlch outllnes '^ur b ' ■ctlves In the fleld of pro- 
grttiomrd Inotructl'"'n. n-i ^^ulcl lLk<^- to prDooBC to your unlon an 
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educatlonal .n oc-ram wr*^ ^er. In Droco'au’TTmed i!c:tl.>nal fornat 

whlch oan be deployed throMghout your •nt :'■■■ Mn3 m memberahlp. 
Such a prow’ain WQuld be of i r.'at val le to the *mlon, the unlon 
aeaber, hla famlly, and aociety. 

We at Bolt Beraneic and Mewman Inc. hav* tr.c advantage of 
utlllzln^ the -ff^rta of a hlghly cape le ataff whlch haa had 
prograntmIn,r experlence almllar to th .* woplc W 2 are propoalng 
for yjur Mnlon. Our reaearch fai^l'tlos are s ich that we are 
oanable of '.nveat i.£::at ‘ ncr oro’eacs in nvir.y •ir>'as of concentratlon , 

The prcDcaed educatlcnaL Drocoram for unl'm nenbers and thelr 
famlllea la, w* belleve, of ra *or imoortanc** In future unlon 
plannlm:. D-- lauae of th.la, we wouLa aDoreclate the opportunlty 
to dlacuaa the pot -ntlal of thla prorram wlth you In greater 
detall. I can 8rranir:e to b» at your irflc’* at a tlme and date 
that la c’nvenlvnt for yrni. 

Thanic you very much. 

Slncer-ly youra, 

BOLT ANU Nr.aMAN INC. 

Paul H. Buclcley 
PHB:eml 
enclnaure (1) 
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A PARTIAL L15r OP K)3IIIB33 C0)fCraM3 AND 3CR00L3 TRAT HAVS OR ARB 
MOM OaiNO PROdRAMHBD TBCRMIOOBS XM TRBIR 3TATI3TIC3, PROBABILITr 
ARAUrai3« AND OBNBRAL TRAIMINO C0DR3B3I 


3pieg«l Coapany 


leas tlBs nseded to leam 
billlng teohnloues. 


Bell Lsboratorlea 


laatun Kodak 


Peroeptible gain in teaohing 
aaployeea baaio eleotrioity. 

Notioeably ■ore efriolent in 
eaployee trainlng. 3tudenta 
reaeabered teioe aa auoh aa 
atudenta in norul oourae. 


Sohering Corporation Bsoellent reaulta In eaployee 

trainlng. 

Oeneral Telephone Coapany 50% reduotion in training tlu. 

Santa NonioSf Califomia 


Aaerioan Radlator and 3tandard 
3anltar7 Corporation 

laternational Buaineaa Naohine 
Oorporation 


Inproved aalea and billing oourae. 

^t trainlng tine 27%. laproved 
adea of atudenta taking oourae 



Polarold Corporation 


Ohio Ohiveraity ->• 
Payehology Departunt 


Batiuted 50 % reduotion in 
training tiu. 

10% inproveunt in paychology 
oourae. 12% iaproveunt In 
oonprehenai^A of ormrae. 


Aurioan Inatitute for Nean perforaanoe of high aohool 

Reaearch aooial atudiea 10-20% higher and 

in half the noraal tiu. 


Coluabia Ohlveralty 3tudent eritea perfeot exsBination 

after ocapleting utheutioal tena 
ifork in h houra and 20 ainutea , 

Barlhu College TWo-year Ruaaian oourae now 

taught in one year. 





Rsttilton Collefe 
Rerverd Onlvoralty 

Koealor Alr Poroe Beee 

Santa Nbnloa Clty College 

Onlted Stateo Coaot Ouard 
Hmrj Tl— 


1/3 roduotlon In logloolees tiae 

30 % More effeotive lesming in 
peyohology. 

PreliKlnery reeults m indioste 
30 % reduotion in tesoKing tiae. 

20-40^ gsin in psyohology oourse. 

Doubles speed of trsining tiae. 


HsMond Rsll Sohool Three''yesr olds lesm to resd snd 

Nev Rsven, Conneotlout print in 14 veeks. 


Dupont Corporstion 


Inoressed trsinees lesming ospsoity 
by 23%. 


Depsrtaient of MstheMtios This is s study to prosiote sosdeado 

Psssdena City Collage standards and upgrade ■athsMtioa. 


Inoyolopedis Britannioa Corp. 30% isproveeient in atudenta 

studying aighth grade algebrs in 
overall ooaprehenaion. Thia group 
oospsred to a ninth grade algebra 
group vith the ssm oourae of 
atudy vaa found Mioh auperior. 


Continental Claaaroo« 


No reaulta aa yet in the probability 
snalysia oourae 


NatheMtiosl Bsaia for No results yet in thia experiMntal 

NsnagsMnt Deoiaion Naking — oourse. 

The Oniveraity of Pittaburgh 


St. Soholaatioa Sohool, 
Louisisns 


Loagiooo Righ Sohool, 
Califoraie 


Tesohers report atudenta advsnoed 
2 or 3 yesra in sohiaveMnt in one 
yesr. 

Students (64) pess MtheMtioa 
oourae inoluding sll oontent in 
2 sonths. 
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Ohlveralty of Illlnola 





Port Plaaaiouth. New Jeraey 
Devereux Sohool 

Bughea Alroraft Oorporatlon 

Oolleglate Sohool, Ne« York 
Reoordak Oorporatlon 


21 atudenta dld better In uth 
than oollage atudenta dolng aaae 
work. 

"The noBlnel reaulta" 

Suooeaafully taught apelllng 
and auitheaatloa to retarded 6th 
gradera. 

Suooeaafully taught elemnta 
of aoleoular theory to flrat 
gradera. 

Nlne eleventh-gradera equal 
tvelfth grade ■atheMitloal aoorea. 


Courae In atatlatloa pre-teat 
rank In the fourtlea poat-teat rank 
In the nlnetlea. 
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Bolt Beranek and Newman Inc. 


PREPACE 

The purpoae of thla monograph ia to glve the reader 
an underatanding of our experience and competence in 
reaearch and development in the field of programmed 
inatruction. In order to place thia apecific activity 
in context an overview of the company and a aummary of 
our work in man-machine ayatema reaearch are provided. 
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Durlng the flret few yeara of Its exlstence Bolt Beranek 
and Newman Inc. apeclallzed In pure and applled acouatlca. 
Aocordlngly, the aclentlflc ataff conalated of experta In 
the aclentlflc flelda of acouatlca, phyalca, the englneerlng 
aclencea, and paychology. The nature of the problema en- 
countered durlng theae yeara and the Interactlon among the 
varloua aclentlflc dlaclpllnea repreaented in the ataff pro- 
vlded a naturel aeedbed for expanalon Into new flelda of 
endeavor. Aa the reault, the company la now engaged In re- 
aearch, conaultatlon, and product development In the flelda 
of archltectural acouatlca and nolae control, applled phyalca, 
Inatnjmentatlon, paychoacouatlca, paychophyalology, blo- 
medlcal technology, man-machlne ayatema, englneerlng pay- 
chology and Informatlon ayatema. 

Although Bolt Beranek and Newman'a volume of bualneaa 
In archltectural acouatlca conaultatlon (a relatlvely llmlted 
fleld In whlch there are no other flrma of comparable alze) 
contlnuea to be of materlal Importance to the company, aa 
a reault of the growth of Ita actlvltlea In other flelda 
the company now devotea only about one-quarter of Ita efforta 
to the fleld of Ita orlglnal Intereat. 

Juat recently the company moved to expand Ita proprletary 
development vla the creatlon of a wholly owned aubaldlary, 
Prototech Incorporated, under the leaderahlp of Dr. Nalter 
Juda -- formerly Execut^ve Vlce Prealdent and Technlcal 
Dlrector of lonlca, Inc. 
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Prototech'a prlmary emphaala wlll be the proprletary 
devalopment of producta but It wlll engage In applled reaearch 
where Incldental to auch development. It wlll operate In many 
areaa In whlch the company now haa technologlcal competence. 

In addltlon, It la now propoaed that Prototech wlll explore 
the flelda of: energy converBlon , Includlng thermoelectrlc 
and thermlonlc convertern; aolar energy utlllzatlon , In- 
cludlng uae of blologlcal ayBtema for thls purpoae; and 
natural reaourcea , Includlng alr pollutlon control. Equlty 
partlclpatlon In llcenaeea, wlth or wlthout capltal Invest- 
ment, wlll, where practlcable and where condltlona warrant, 
be emphaalzed In llcenalng arrangementa. 

To date, aome 2,000 projecta have been completed. 
Approxlmately 60% were Induatrlally aponaored, and kO% were 
for govemment agenclea. The work haa ranged from the 
acouatlcal dealgn of audltorla through neuroaurglcal In- 
atrumentatlon and Informatlon proceaalng to the dealgn of 
dlaplaya, controla, and procedurea for complex technologlcal 
ayatema. The company employa 195 peraona. Of thla number 
flfty per cent are engaged In aclentlflc and englneerlng work. 

The Bclentlflc ataff of BBN Includea natlonally recognlzed 
apeclallata In the englneerlng aclencea, computer technology 
and In the phyalcal and natural aclencea. Over half of the 
technlcal ataff membera hold doctoral degreea and the majorlty 
of the remalnder haa maatera degreea or the equlvalent. 
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PACILITIES 


A. Computer Pacllltles 

1. Dlgltal Computer Laboratory 

•Hie PDP-IB Computer 

The core of thla laboratory la the Programmed Data 
Proceaaor (PDP-IB) a hlgh apeed, aolld atate dlgltal computer 
deaigned to operate wlth aeveral typea of Input-output de- 
vlcea, wlth no Internal machlne changea. It la a alngle 
addreaa, alngle Inatructlon, atored program computer. Plve- 
megacycle clrculta, a magnetlc core memory, and fully parallel 
proceaalng make poaalble a computatlon rate of 100,000 addlt- 
lona per aecond. 

It haa 8 random-access, magnetlc-core memory con- 
slatlng of 4096 10-blt word3. Thls memory hae 8 flve- 
mlcroeecond cycle tlme, 

Of partlcular Intereat, In relatlon to the propoaed 
program la the eaae wlth whlch new and unuaual external equlp- 
ment can be added. Por example the computer la capable of 
handllng more than 100 typewrLters almultaneoualy -- each 
typewrlter operatlng Independently. 

Input-Output Egulpment 
Typewrlter8 


The two Soroban typewrlters Inetalled on PDP-IB 
are used as both Input snd ou^pit devlces. They sre, essen- 
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tlally, 44 lcey IBM electrlc typewrlter8 modlfled for uae wlth 
a computer. 

Keyboard 

A amall keyboard to facllltate the entry of 
numerlcal data la Inatalled on the computer. 

Vlaual Dlaplay 

A moat veraatlle output unlt la the 19-lnch 
cathode-ray tube dlaplay. Thla la eaaentlally a very-hlgh- 
apeed x-y polnt plotter. It plota polnta at a rate of 
20,000 per aecond. By proper programmlng It la poaalble to 
dlaplay lettera, aentencea. grapha, charta, plcturea, etc. 

Theae dlaplaya may be vlewed aa they are produced, or re- 
corded on fllm for later reference. 

Llght Pen 

The llght pen la an Input devlce that la uaed 
In connectlon wlth the vlaual dlaplay. It may be uaed to 
polnt out to the computer an Item In the dlaplay that la 
of Intereat to the operator, or It may be uaed to allow the 
Input of freehand drawlng8 -- of grapha, forma, block prlnted 
lettera, etc. 

Paper Tape Readera 

The photo-electrlc paper tape reader la uaed 
aa the major Input for programa and atored data. It la 
eapable of readlng any 8tandard-wldth paper tape at a rate 
of 400 charactera per aecond. 

F- . 
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Paper Tape Punches 

There are two paper tape punchea mounted on 
tha comouter. Theae punchea are capable of punchlng any 
atandard-wldth paper tape at a rate of 60 charactera per 
aecond. One punch and one typewrlter may be Interconnected 
ao that tapea may be prepared wlthout involving the computer. 

Digital-to-Analog Convertera 

There are 3 dlgital-to-analog convertera on 
the computer. Theae convertera may be uaed to change 
numerical data in the computer into a voltage function of 
time. Thia facllltv la uaeful ir pruviding a aimple way 
of ganeratlng audio algnala and in controlllng electronic 
apparatua. 

Analog-to-Digital Converter 

An Epaco Tranalcon analog-to-digital converter 
converta voltagea Into numbera. It wlll be able to coiramitate 
aeveral aignala aourcea. A typical uae la to convert electro- 
encephalographic algnala into numbera and thereby to allow 
analyaia of theae data by the computer. In thla connection, 
a program haa been wrltten for PDP-IB to aimulate the ARC 
(Average Response Computer), and the program haa been uaed 
to analyie the EEO reaponae evoked by an auditory click. 

Clock 

To permit the computer to meaaure time inter- 
vala accurately, there ia a "clock" that can be read by the 
computer. The clock alao allow8 the computer to determine 
the tlme of day. 

P-3 
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Utility Programa 

Programa that either are currently available in our 
computer facility or that will be available by 1 November I 96 I are: 

Typewriter Control Program 

Thia program, now in uae, allow8 a computer 
uaer to examine the contenta cf those memory locations, to 
search for particular contenta, etc. Its main feature is 
that it allow8 remotely located uaera to control and debug 
programa. 

PRAP 

Thia ia a aymbollc asaembly program currently 
in uae. It allow8 the uaer to write programa with variable- 
length aymbola rather than blnary or octal numbera. 

DECAL 

Thia will b* a more complete and elaborate 
aaaembly-compiler program. It will allow the definition and 
uae of algebraic expreaaiona, and, in general, it will pro- 
vide a meana of defining a language oriented about a par- 
ticular problem. It will alao accept the atatement of a pro- 
cedure to aolve a problem in this newly defined language. It 
will then convert the oroblem-oriented-language atatement 
into machine code in 8 form ready to run in the computer. 

Thia program ia aimilar to, but more general than, the IBM 
FORTRAN Syetem. 


P-U 
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Floatin ^oint ; jbroutines 

A complt ti packaj^ of floating-point eubroutinee 
for numerical computa:i;.n. Th.-ae will Inelude all of the 
atandard trigonometrir finctiona, logarithm, exponential, 

8quare root, number convcraion, etc. 

5tatiati<’C.i Programs 

Theae a;>' p'ogran-.s for the solution of baaic 
atatiatical problems. Tt.^v include mean and atandard deviation, 
correlation, hiatogram ^•^«•"•tion, etc. 

Diaplay N j ttinea 

Theae routi.iea will diaplay grapha of varioua 
typea, e.g. continuous t'tnctiona, point grapha, bar grapha, 
hiatograma, X-Y-Z plota (.i.ich aa ampiitude-frequency-time 
plota with acope brlghtn>ss repreaenting the Z variablea). 

The routinea will alao diaplay coordinate ayatema, e.g., 
log-log, aeni-log. There wLll be facilitiea for recording 
acope plota on film aa a per^nanent record. 

The LOP -30 


Poyal McBee Electrcnic Dlgital Computer. A deak- 
aise atored program computer of medium-acale capacity (U 096 
thirty-one-bit worda). The input-output devices are a 
tape typewriter, a paper tape reader and a paper tape punch 
on the typewriter, a high apeed photoelectric reader, and 
high apeed tape punch. 
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2. Analog Computer Laboratory 

Thls computer faclllty conaiats of a PACE plugboard 
conaole, 68 ampllfler/lntegratora, 1 reaolver, 12 electronlc 
multlpllera, 6 arbltrary non-llnear clrculta, 2 four-channel 
Sanbom recordera, 2 aeventeen-inch CR oacilloacopea, 1 PACE 
x-y plotter, and 2 two-channel PM tape recordera. 

The analog computer laboratory alao Includea an 
extenaive patching ayatem that connecta the analog computer 
to aeveral dozen laboratory inatrumenta and to two adjacent 
laboratoriea via a plug-board. Included in the ayatem ib a 
aound-iaolated, electrically-ahielded room that ia uaed for 
collecting EEO data in a controlled acouatic environment. 
Signal linea from the digital computer can be brought into 
the plugboard ayatem. Among the apecial purpoae equipmenta 
are: (a) a four channel EEO recorder, (b) a aeparate four 

channel EXO recorder, and (c) 2 two-channel PM tape recordera. 

B. Inatrumentation 


A broad program in the field inatrumentation aupplementa 
and atrengthena BBN efforta in engineering paychology, paycho- 
acouatica, and information proceaaing. Activitiea of the in- 
itrumentation group include reaearch on new techniguea; deaign, 
development, and adaptntion of inatrumenta; conatruction and 
teating of prototypea; conducting of meaaurementa in the labora- 
tory and in the field; reduction and analyala of data; and con- 
•ultation on the planning of apecialired programa and facllltlea 
In performing theae aervicea, BBN bringa to bear a wlde range 
of tralnlng and experience In electronlca, acouatlca, and 
mechanical deaign and conatruction. 
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LJ 


Major efforta have been de'^oted to the meaaureraent of 
noiaej apeech and rauaic aounda, vibratlon, ahock, irapact, 
atrain, and other effecta of matter In motlon. The develop- 
raent of new techniquea for auch meaaurementa haa led to a 
general concern with problema in aignal analyaia and in- 
forraation proceaaing, Thua, BBN haa developed aeveral 
correlation coraputera, a prcbablllty denaity analyzer, 
and a tranaiatorized tape recorder to facllltate atorage 
of data. 

An autoraatic ayatem for reduction and analyaia of data, 
environraenta for calibratlon and teating, noiae teat aourcea, 
and an extenaive coraplement of equlpraent are malntalned by 
BBN. Our capabilitiea In Inatrumentatlon are relnforced by 
apecialiata both in reaearch meaaurement and in field teating. 

C. Paychological Laboratoriea 

A nuraber of eapeclally dealgned areaa are available for 
the conduct of paychologlcal experlmenta, Includlng experlmenta 
requlrlng reraote aubject or experlmenter atatlona. 

D. Oeneral Pacilitiea 

Machine and model ahop, electronlca laboratory, woodworklng 
ahop, and a wlde range of laboratory Inatrumenta. 
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The focua of tne Department of Man-Machine Syateme 
Syatema Reaearch ia on man-machine communicationa, man- 
machine deaign and information proceaaing by men and 
machinea. Tne ungirding of tne department's objectivea 
ia provided by a program of reaearch and development 
in the folloMing areaa: 

Syatem Reaearch 
Syatem Analyaia 
Syatem Simulation 
Syatem Syntheaia 

Human Information Proceasing 
Information Proceaaing Syatema 

Man-Computer Interactiona in Information Proceaaing 

Pattem Recognition by Man and Machine 

Signal Detection, Identification, and Interpretation 

Information Diaplaya 
Controla and Control Syatema 

Computer Programming 
Computer Deaign 
Man-Computer Symbioaia 
Information Storage and Retrieval 

Artificial Intelligence 
Bionica 

Programmed Inatruction 
Teaching Machinea 
Computer-Centered Teaching Syatema 

Simulation Techniquea in Training 
Training Syatema 

Speech Intellibility 
Speech Compreaaion 
Automatic Speech Recognition 
Noiae Control 

Noiae and Vibration aa Related to Haman Performance 
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Senaorjr and Perceptual Mechaniams 
Cognltive Proceaaea 

Mathematical and Computer Models of Psychological Processea 

Multivariate Analyaia Techniques 

Experimental Design 

Computer Control of Experimentation 

'ITie grouping within the department of the scientists 
responsible for the conduct of this diverse but highly 
integrated program is as follows: 


Oroup 

Dlrector 

Information Systems 

Dr. J. C. 

R. Llckllder 

Engineering Psychology 

Dr. J. I. 

Elkind 

Psychophysiology 

Dr. W. D. 

Neff 

Paychoacoustics 

Dr. K. D. 

Kryter 

Bio-medical Technology 

Dr. J. J. 

Baruch 


Our ability to conduct a program as broad in scope ss 
thia ia attributable to three things. First, there is a wide 
diveraity of skills wlthin the department. Second, our 
program is embedded in a multidisciplinary organization devoted 
to research. Thlrd, the work atmosphere fosters the free 
interchange of Ideaa and close collaboration among the specialists 
In the flrm. 
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REPRESKNTATIVE CURRENT PROJECTS 


Project 

Man-Mac.’ilne Syatema 


Tecnnlquea of Syatem 
Slmpllflcatlon 

Appiicatlon of H.jnan Recog- 
nition Procedurea to 
Military Recognition 
Problema 

Methoda of Predicting In* 
telligibility of Speecn 
Communication in Noiae 

Engineering Inveatigation 
and Study of Bandviidt • 
Compreaaioi Methoda 

Inveatigation of OrthonormaI 
Punctiona Uaeful in Slgnal 
Analyaia 

Auditory and Viaual Dlaplay 
of Information Conerencea 
in ElectrO’Magnetlc 
Prequency Banda 

Study of Speech Compreaaion 
Syatema (Spectrum Selection) 

Neapona Noiae Meaaurementa 

Auditory Leaming and Training 

Development of Analyaia 
Techniquea for Human Operator 
Characteriatica 

Aural Radar Preaentation aa 
an Adjunct to An/SPO-51 
Radar 

Reaearch on Digital Computer 
Techniquea for Controlling 
Auto Inatructlon 

Auditory Acuity and Percep» 
tion of Speech 


Sponaor 

Air Porce Offlce of Sclentlflc 
Reaearch 

Air Porce Cambrldge Reaearc i 
laboratoriea 

Alr Porce Cambrldge Reaearcn 
Laboratoriea 

Alr Porce Cambrldge Reaearcu 
laboratoriea 

USAP, Rome Alr Development Divlslon 

USAP, Nrlght Alr Development 
Diviaion 


Alr Porce Gambrldge Reaearch 
Laboratoriea 

USA, Signal R -»■ D Lab. 

USA, Surgeon Oeneral 

US Naval Trainlng Devlcea Center 

NASA 

Raytheon 

USAP, Wrlght Alr Development 
Diviaion 

Dept. of HEW, NIH 
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Project Sponaor 

Analgealo Effecta of Intenae Dept. of H£W, NIH 
Senaory Stlaiulatlon 


Effecta of Nolae: Annoyance Dept. of H£W, NIH 
and Olaturbance of Sleep 


Reaearch on Concepta and Councll on Library Reaourcea 

Probleaia of Llbrarlea cf 
the Puture 


The Appllcatlon of Computera 
to Medlcal Reaearch 


Dept. of H£W, NIH 
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EXAMPLES OP COMPLETED WORK 
(by report tltle) 

"Aural and Viaual Preaentatlon of Radar Informatlon" 

"Human Englneerlng Prlnclples for the Deslgn of Speech 
Comnunlcatlon Syateme" 

"Peaaiblllty of Homing and Detection by Acouatic Meana ' 

"The Complex Algebraic Compiler" 

"Trie Memory (Retrieval Memory) for Computera ' 

"Human Engineering Reccnunendations on Digital Diaplaya for 
Advanced SAOE" 

"Recommendationa for Simulation Program and Pacilltiea for 
Phaae II of Dynaaoar" 

"Audio Waming Signala for USAP Weapon Syatema" 

"Noiae Control Recomniendations for Environmental Control 
Sub-ayatem - B-70" 

"Study to Determine Diaplay Requirements for Navigation of 
an Orbiting Vehicle" (in collaboration with RCA) 

"Engineering Methoda for Predictin^ the Intelligibility of 
Speech in Communication Syatema" 

"Noiae and Vibration aa Pactora in Dynaaoar Operationa" 


Note ; Por papera by individual ataff membera, consult the 
biographiea in the laat aection. 
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3UBJECT MATTER PROORAMMINO 
(Underlylng Pniloaophy) 

Aa uaed nerein, "programining" ia defined aa the prepa- 
ration of couraea of programmed ihatruction. 

"Programming" ia now, and undoubtedly will be for 
aometime to cone, an ajrt baaed on the theoriea of learning 
and tiuman behavior that nave come out of paychological 
reaearch. It ia baaed in part alao on empirical data 
gathered over the yeara in tne courae of the refining of 
educational technique and practice. 

Becauae tnia ia ao, one uaually looka either to the 
paychologiat or the educator, or both, aa the beat aource 
of programming capability. The ideal programmer would be 
one who ia an experienced behavioral paychologiat, an expert 
in tne many aubjecta that compriae our curriculum, and a 
maater teacher. 

Since tnere are very few of theae people available, 
it ia obvioua that one of the next beat thinga to do ia to 
gather together a team of people each of wnom haa one or 
more of the required talenta. 

The philoaophy underlying the development of our pro- 
gramming capability ia predicated on our previoualy atated 
belief that programming ia an art baaed mainly on the re- 
auita of reaearch in paychology. We believe, therefore, 
that to be aucceaaful any undertaking in the field ahould 
be under the direction of people highly qualified in the 
application of theae findinga. It ia our conviction that 
only under auch direction can aubject-matter experta and 
experienced teachera make a maximum contribution to the 
development of programa of inatruction. 
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That thla phlloaophy naa gulded the atructurlng of our 
ataff bacomea obvloua aa one examlnea the educatlon and 
experlence of the Indlvlduala of whlch It ia compoaed, The 
payohologlata In our group are In each caae experta In one 
or more aubject-matter fielda outaide of their choaen 
apecialty In the fleld of paychology. They are, In addition, 
people who have done a conaiderable amount of teaching. The 
teachera whom we have choaen to brlng Into our group are, 
in the opinion of their peera and auperiora, oustanding 
in their choaan profeaaion. It will be noted that we have 
added one other neceaaary ingredient -- individuala who 
have conaiderable expeilence in comlng to gripa with the 
preparation of uaeable couraea of programmed inatruction. 
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EVALUATINO THE OROANIZATION AND 
CONTENT OP THE PROORAM 

Currently a jolnt commlttee compoaed of repreaentatlvea 
of the Amerlcan Paychologlcal Aaaoclation, the Department 
of Audlovlaual Inatructlon of the Natlonal Educatlon Aaaocl- 
atlon, and the Amerlcan Educatlon Reaearch Aaaoclatlon la 
Norklng on a aet of crlterla by whlch couraea In programmed 
aelf-Inatructlon may be judged. The Educatlon Teatlng 
Servlce la worklng on a almllar llat. Nelther llat haa yet 
been completed or publlahed. However, at the end of thla 
aectlon la a very brlef compllatlon of crlterla whlch the 
reader may want to uae to judge the vocabulary-bulIdlng 
program propoaed here and aamplea of tne program whlch wlll 
be preaented later. 

Nnatever elae the APA-DAVI-AERA jOlnt commlttee and ETS 
may llat among tnelr crlterla, certaln evaluatlve standards 
are aure to appear on the llat. The publlaher of aelf- 
Inatructlon programa wlll airely be expected to 

1. advertlae a partlcular uae for Ita 
programmed courae only wnen It can 
polnt to apeclflc framea or aequenceB 
In the courae ^r^lch teach materlal 
relevant to that uae; 

4.. Include partlcular framea and ae- 
quencea In Ita program only after 
It naa admlnlatered them to repre- 
aentatlve learriera, revlaed, and 
admlnlatered them agaln aa often sa 
la neceaaary to make the materlala 
effectlve teachlng toola; 


f 
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CRITERIA POR EVALUATING A SELP-INSTRUCTION PROORAM 

All the "materlal and examplea contained in each item are 
relevant to the reaponaea you want the atudent ultimately to 
nake. " 

The atudent naa enough material to anaMer ... each 
queation correctly.” 

The aequence of itema ia ... beat auited to the courae 
and the level of the atudent ...;* the atepa "embody a 
careful logical progreaaion of the aubject matter."** 

"The aize of atep ia adapted to the aubject matter of 
the courae." 

Review materiala are aeeded throughout the program to 
enaure that the atudent retaina thc initial atepa which are 
neceaaary to complete the program.'*** 

Content and inatructional objectivea ... are evaluated 
Juat aa carefully aa they would be Tor a textbook or 
curriculun." 

* Charlea I. Poltz, The tforld of Teaching Machinea : 
Progranned Leaming and Self-lnatructlon Devicea 
(ilaahington, D. C.Y Teaching and Reaearch and 
Technology Divlaion, Electronic Laboratoriea, 1961). 

** Amcrican Educational Reaearch Aaaociation, "Teaching 
Machine Ouide Linea - A Joint Statement," Audioviaual 
Inatruction , 1961 , 6 , 356 - 359 . 

*** Poltz, 0£.Cl^t. 
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A w!'1 rar.-c of xampl s an. provlded. 

It r.a . 1 : • Iral^ned ao tha» the sti.dent wl.l respond to 
the rltlca’ aap rta of eaeh Item or wl11 perform the Important 
op ra^lon wr:l-- that i tem waa meant to teach. " 

Tnr pr-orra.r ... ia reviewed on the oasis of prellmlnary 
pllot liTv^dy and lt^--ms i'ewrltt n In accordance wltn records 
of a»..d nt reaponaea.**** 


•••• Airierlcan F.ducatioria^ Rest-arcn Assoclation, o£. clt. 





I 



Bolt Beranek and Newinan Inc. 


BACKOFOUND AND EXPERIENCE 

Our Intereat In and aaaociation with the field of teaching 
machinea reachea back over aeveral yeara. J. C. R. Licklider 
wa8 a member of the Harvard Department of Paychology during 
the time when Skinner's formulations about teaching machines 
were taking ahape. Prom that time on our Engineering 
Psychology group has followed closely the developmenta in 
automated teaching. Ue have. for example, a working knowledge 
of all the inveatigationa reported by Lumsdaine and Olaaer. 

In 1957 and 1950 membera of this group were instrumental 
in focuaing the attention of the Natlonal Academy of Sciences- 
ARDC Uoods Hole Study Oroup upon the promlse offered by 
teaching machines and in formulating the recommendations 
conceming teaching machines contained in the reporta by the 
Study Oroup. In 1958t P- E- Ditlman, then Deputy Chief, 
Behavioral Sciences Division, Air Porce Office of Scientific 

Research, wa8 instrumentsl in orgsnizing the first national 

2 

symposium on the subject of teachlng machines. 

Because of our proximity to Harvard, it has been easy 
and natural for members of our group to maintain close contact 
with the work of Sklnner and his associates. 


1. Lumsdaine, A. A. and Olaser, R. (Editors) Teaching Machines 
and Programmed Learning . Uashington, D.C.; Natlonal Education 
Assoc 18 tion, 19 ^ 10 . 

2. Oalanter, E. H. (Editor) Automatic Teaching ; The State of 
the Art. New York: John Uiley an'^ Sons, 1959 
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Wlth the formatlon, In 1957, of the Englneerlng Psychology 
Oroup of Bolt Beranek and Newman Inc., It became posslble to 
glve form to our Indlvldual plana to do somethlng tanglble 
about automated teachlng. An analyals of the fleld served to 
reconflrm our earller theala: that the major problems 
needlng Immedlate attentlon had to do wlth research on 
teachlng and learnlng -- not wlth the deslgn or devlslng of 
machlnea to facllltate the presentatlon and scorlng of 
leaaon materlal. It aeemed clear to us that the deslgn of 
really effertlve automated teachlng aystems must awalt the 
dellneatlon of the facts and princlples pecullar to automated 
taachlng and learnlng. The development of efflclent teachlng 
programa, schedules of relnforcement. and modes of presentatlon 
and reaponae could not, we felt, proceed In an orderly manner 
wlthout the emplrlcal Informatlon gl**aned from experlmental 
Investlgatlons of the automated teachlng sltuatlon. 

The almple teachlng machlne dld not (and does not), In 
our oplnlon, offer a aatlafactory solutlon to the problem of 
reaearch Inatrumentatlon . The Inflexlblllty of the exlstlng 
mechanlcal devlcea waa not compatible wlth the research and 
development re^ulrementa Identlfled by our analysls. It was 
apparent that ultlmately, because teachlng Is an extremely 
complex art and becauae the slmultaneous teachlng of many 
atudenta involvea a tremendoua total of Informatlon trans- 
mlaaion, that a much more hlghly centrallzed store of In- 
formatlon and a much greater flexlb’llty In modes of presen- 
tatlon, analysls, and relnforcement would be needed. 
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e do not Intend to Imply th t teachlng rachlnes of the 
almple type wlll not be effective and successful That we 
do not la evldenced by our contlnulng work In the deslgn and 
development of auch machlnes ertalnly, they are proving 
thelr worth wlth each passlng day urther, they offer a 
uic aolution to the problem of getting the first teaching 
machlne capablllty Into wideapr ad use l^e design and 
uae of auch machlnes wlll beneflt e feel, from the research 
that can only be accompllshed using a computer ased system 
of auto instruction] 

It ia our contention that the digital computer has a 
ccntral r le to play a) in the development of an improved 
underatanding of teachlng and learn ng, and b in the 
eve me c m n m u 

a da s hnn aand>h n 


r? 
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RESEARCH AND DEVELOPMENT ACTIVITIES 

COMPUTER-AIDED TEACHINO 


Durlng the period between the formation of our 
Engineering Paychology Department and now, we have engaged 
in the following activitiea: 

The LQP-30 as a Teacning Machine . We obtained a amall, 
general-purpoae, digital computer (LQP-30), programmed it 
to operate aa a teaching machine for a limited but repre- 
aentative claaa of problema, and obaerved the learning per- 
formance of children and adulta. 

Tne PDP-IB aa a Teaching Machine . We programmed 
the PDP-IB computer to function aa a teaching machine. 

Ti*e effort tiere wa8 quLte different from that under- 
taken with the LQP-30 mentioned above. It explored a 
quite different aet of problema and applicationa. The 
PDP-IB computer generatea complex aounda, preaenta them 
to a liatener for hia identification, accepta the 
liatener'a reaponaea, acorea tne reaponaea, and then 
preaenta to the liatener for compariaon, in cloae 
aucceaaion, the aound identified by the liatener'a 
reaponae and tne original atimulua aound. The program 
alao handlea the detaila of aetting up the enaemble of 
aounda and of keeping track of which onea have been 
preaented, which onea nave been identified correctly, 
etc. The inatructor (or experimenter)merely apecifiea 
the general nature of the enaemble ne want8 the liatener 
to atudy and definea the criteria of completion. 
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Dealgn of Student and Instructor Consoles . We made a pre- 
llmlnary atudy cf the deslgn of dlsplays and controls for 
student and Instructor statlons In computerlzed teachlng systems. 
Thls study revealed a set of somewhat unusual dlsplay and 
control requlrements. Among the requlrements are: (a) slmple, 
foolproof response keyboard for young students, (b) group 
vlaual dlaplay of plctorlal Informatlon under computer control, 
(c) group aural dlsplay, prlnclpally of speech Informatlon, under 
computer control, (d) Indlvldual vlsual dlsplays of graphlcal and 
alphanumerlc Informatlon under computer control, (e) Indlvldual 
aural dlsplays of Informatlon, agaln prlmarlly speech, under 
computer control, and, In due course, (f) computer appreclatlon 
of hand-prlntlng or wrltlng on a surface that serves also as a 
dlsplay controlled by the computer. 

Computer Tech nolog ^y. We studled Intenslvely the problem 
of tlme sharlng. In order to make the use of a dlgltal computer 
economtcally feaslble for teachlng-machlne purposes, It Is 
necessary to enable many students to work slmultaneously wlth 
a slngle computlng machlne. We developed concepts for computer 
hardward and programs that permlt efflclent, slmultaneous use 
of a slngle computlng machlne by many users. We reduced the 
concepts for tlme-sharlng hardware to deslgn speclflcatlons and 
ordered a computer In whlch these and others of our design con- 
cepts were Included. Thls computer, known as the the PDP-IB, 
has been In use for over a year. 

3TAPF 

In order to progress effectlvely toward the solutlon of the 
problems relevant to automated teachlng In general and computer- 
alded teachlng In partlcular, we have assembled a group that 
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comblnea capabllltlea In experlmental paychology and human 
englneerlng wlth capabllltlea In dlgltal computlng and Informatlon 
proceaalng. Thls group la now actlvely engaged In a reaearch 
program the acope of whlch la deacrlbed bslow. 

Reaearch Objectl vea -- Computer - Alded Teachlng 

a. To Investlgate further the usefulness of a dlgltal computer 
aa a teachlng machlne. 

b. To complete the development of an Inltlal faclllty for 

uae In the Inveatlgatlon of problema In computer-alded teachlng. 

c. To develop mpaaurea, crlterla, declslon processes, and 
achedulea for use In optlmlzlng Instructlonal programmlng. 

d. To develop computer languages, compllers, and programs to 
facllltate the expresslon and operatlon of Instructlonal programs. 

e. To deslgn and carry OLt experlments that wlll lead to 
optlmal confIguratlons of equlrment procedure, and subject- 
matter programs 

f. To develop plsns, deslgns, and cost estlmates for 
expanalon of the Inltlal faclllty to permlt efflclent, large- 
acale research. 

g. To develop plans and cost projectlons for a very-large 
acale, '’ultlmate" faclllty for practlcal Instructlon of many 
atudents In many subjects. 
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TIACHINO HASHIN13 (NON-COHPUTER) 

Becftuae we bftlleve that In appllcatlon effectlve autcMnftted 
tcachlng wlll utlllze an array of devlcea -- runnlng the gainut 
from comp iter oaaed ayatema to the almple programmed textbook — 
we nave contlnued to attend to the problema aaaoclated wlth de- 
algn and development of “teachlng machlnea.” Our work In thla 
araa conalata of the followlng: 

a. Staylng abreaat of the atate-of-the-art In machlne 
dealgn and appllcatlon vla the crltlcal evaluatlon of new 
■achlnea and new appllcatlon technlquea aa they appear. 

b. The analyala of apeclflc educatlonal needa to aacertaln 
the crlterla for machlne dealgn. 

c. The development and teatlng of a famlly of almple 
taachlng machlnea of our own dealgn. 

To date the conaequence of thla actlvlty haa been the dealgn 
and prototype development of a famlly of almple, Inexpenalve 
machlnea. Tneae machlnea meet what we belleve to be the Important 
crlterla that ahould gulde machlne dealgn. Theae crlterla are: 
flexlblllty wlth regard to the utlllzatlon of varloua programmlng 
tecnnlquea, portablllty , economy , cheat - proofneaa , and a hlgh 
■otlvatlon Index. 

PROORAHHED INSTRUCTION 

Not'k In thla area la a corollary of our reaearch In computer- 
alded teachlng and our a:tlvltlea In "teachlng machlnea." 

The groundMork for the wrltlng of programa of Inatructlon 
In the phyalcal aclencea, aoclal aclencea, computer technology, 
and ^he verbal and mathematlcal akllla naa been completed. The 
conatnjctlon of programa la underway In the medlcal aclencea, 
vocabulary akllla, and mathematlca. 


j 
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ap33(6i6)-8152 

Reaearch on Dlgltal Computer Technlques for Gontrolllng 
Auto-Inatructlon 

Sponaor: Aeronautlcal Systems Dlvlalon 
Alr Porce Systems Command 
Wrlght-Patteraon Alr Porce Baae 

Work Statement 

Thla reaearch v/lP conalder avallable psychologlcal, 
englneerlng and other Informatlon relevant to the efriclent 
appllcatlon of dlgltal computer technlques to the automated- 
teachlng of verbal and symbollc materlals. 

Partlcular attentlon v/111 be glven to the analysls of the 
approachea, problems, and laaues Involved In past and present 
efforta to apply dlgltal computers to automated Instructlonal 
programmlng. On the basls of thls revlev/ ne shall develop a 
program of Investlgatlon Includlng, but not necessarlly 
reatrlcted to theae factors: 

1. The nature of the Instructlonal subject-matter(s). 
t. The conceptual schemes of programmlng^ the Instructlon. 

3 . The characteristlcs of the learner (student). 

4. The means v/hereby the Instructlor.al Informatlon Is 
conveyed to the learner. 

5 . The responae modea avallable to the leamer. 

. Coats of posslble approaches relatlve to tanglble 
retuma v/here costs are projected for varlous condl- 
tlons of utnizatlon (e.g., the slmultaneous operatlon 
of multlple student statlons, slmultaneous accesslbl11ty 
of aeveral programs, ise In baslc vs. supplementary 
Instructlon, #*tc.); both absolute and per caplta costs 
shail be projected. 

l Tt.e term "programmlng, ' v/hen It Is used In conjunctlon wlth 
Instructlon, refers to the 8equence of Instructlonal stlmull. In 
auch a context It does not >'erer to a preplanned sequence of 
computer operatlons. 
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On the baaia of technlcal flndlnga reaulting from the above, 
the contractor will atudy the kinda of deciaion logica (i.e., 
cooibined applicationa of obtainable behavioral indicea) amenable 
to computer proceaaing that could lead to a differential choice 
among alternative couraea of Inatructional preaentation. 

On the baaia of technical flndinga reaulting from the 
Prelirinary Pnaae and Phaae 1 deacribed above, the contractor 
will re-evaluate the required functional characteriatica of a 
prototype auto-inatructional facllity controlled by a digital 
computer, including requirementa for functional aub-ayatema. 

Thia facility ahall be regarded, flrat, aa a reaearch facility 
in which the above mentioned pilot experimentation aa well aa 
future, large acale experimentatlon can be conducted. Second, 
it ahall be regarded aa an inltlal, much aimplified prototype 
of an ultimate operational (practlcally uaable) auto-inatructional 
ayatem. 


Principal Inveatigator; Dr. J. C. R. Licklider 
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U3NTD - N 61339-789 

Sound Leamlng! An Appllcatlon of a Computer 

to Automated Teachlng 

Sponaort Naval Tralnlng Devlcea Center 
Port Naahlngton, New York 

Work Statement 

Thla reaearch la Intended to determine experlmentally 
Mhether the technlqueB of automated teachlng will aignificantly 
facilitate leaming to identify non>verbal aounda. A PDP>1 
digital computer ia uaed to realize a flexible teaching machine 
that permita parametric exploration of the important variablea 
in automated teaching. 

The computer program makea it poasible for an experlmenter 
to aet up a leason in almoat any format, limited primarily by 
hla ingenuity, In a matter of minutea. It also makes available 
a complete record of the lessony and as a routine summarizes 
the data conaldered particularly relevant. 

In addition to its control of a lesson, in accordance witn 
the experlmenter's inatruction and the subject's previous 
performance, the computer itaelf generates the sounds whose 
identity ia to be leamed. Any of a large number of sounds 
including thoae correaponding to reaponses of the subject that 
are not contained in the lesson at liand, can be presented with 
an average acceaa tlme of O.d seconda. This Is achieved by 
having the computer prodjce a digitalized signal and then 
playing the time quantized (40 usec) step function through a 
digital-to-analogue converter. 

The computer thus simulates the electronic apparatus of s 
paychoacouatic laboratory as well as an indefinite number of 
teaching machines. A further savings is realized with the 
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computer by time aharing between a number of aubjecta uaing 
the aame leaaon format -- within the general leaaon format, 

B aequence-break ayatem Bllowa aeveral aubjecta to pursue 
independent leaaona. 

Principal Inveatigator: Dr. John Swet8 
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AP 19(604)-8449 

Study of Human Ablllty to Peraelve Eventa 
Under Taak-Induced Streea 

Sponaor: Electronlc Syatema Dlvlalon 
Alr Porce Syatema Command 
Hanacom Alr Porce Baae 

Work Statement 


Thia reaearch atudy la undertaken to devlae declaion- 
making taaka and meaaurea of deciaion-making capabilitiea 
highly aenaitive to taak-induced atreaa. The PDP-IB computer 
ia being utilized to generate complex viaual diaplaya, pace 
the aubject in the deciaion-making taaka, and acore hia reaponaea. 
The deciaion-making taaka include ambiguoua aituationa which 
require ability to perceive the atatiatical atructure of 
aequential eventa, aa well aa taaka in which well-defined 
hierarcniea of information lead to behavioral altemativea 
diagnoatic of the extent to which the operator deviatea from 
optimum performance under atreaa. 


Principal Inveatigator: Dr. A. Z. Heiaz 
























J. C. R. LICKLIDER - SupervlBory Sclentlst 

Educatlon ; B.A., M.A., Uaahlngton Unlveralty, 1937, 1938; Ph.D., 
Unl/eralty of Rocheater, 19^2. 

Professional Experlence ; Research Assoclate, Swarthmore College, 
19^1-19^2; Research Assoclate and Research Pellow, Psycho-Acoustlc 
Laboratory, Harvard Unlverslty, 19^2-19^6; Lecturer In Psychology, 
Harvard Unlverslty, 19^6-1950; Assoclate Professor of Psychology 
and CoBinunlcatlon, Massachusetts Instltute of Technology, 1930- 
1957; Bolt Beranek and Newman Inc., 1957-pre8ent. 

Honors and Societies ; Biennial Award of the Acoustical Society 
of America, 1950; Pellow, Acoustical Society of America, President, 
1958 ; Pellow, American Psychological Asaociatlon, American Associa- 
tion for the Advancement of Science, American Academy of Arts and 
Sciences; Member, American Physiological Society, American 
Statistical Association, Soclety of Experimental Psychologists, 
Psychonomic Society; Human Pactors Society; President-elect, 
Division of Engineering Psychologists of the American Psychological 
Asaociation; Member, Sigma Xi, Eta Kappa Nu. (Member of several 
classified govemment study projects and human factors committees. ) 

Professional Responsibilities and Projects ; At Harvard University 
and the Massachusetts Institute of Technology, Dr. Licklider 
eonducted research on problems in human communication and in 
processing and presentation of information. At the Harvard 
Psycho-Acoustic Laboratory he investigated effects of distortion 
on speech intelligibility and carried out experiments in binaural 
hearing and pitch perception. At the Massachusetts Institute of 
Technology Lincoln Laboratory, Dr. Licklider organized a group 
of psychologists and engineers to study display, control, and 
information processing problems in air defense and supervised 
the group's activities. At the M.I.T. Psychological Laboratory 



and the Reaearch Laboratory of Blectronlcs, he made etudlee of 
manual tracking and radar data preaentatlon and developed 
mathematlcal models of senaory processes. Dr. Llckllder worked 
on display and control problems two summers at the Navy Electronics 
Laboratory at San Diego and two summers at the Hughes Weapon System 
Development Laboratoriea in Culver City. He was Director of the 
apecial summer course in the Psychology of Man-Nachine Systems at 
the Massachusetts Institute of Technology in 1937. 


Papers and Publication ; (OSRD is Office of Scientific Research 
and Development. Papers with "PB" numbers are available from 
the Office of Technical Services, U. S. Department of Commerce, 
Hashington, D. C.) 

"An Bxperimental Study of Maze-Learning Ability after Varying 
Periods of Wakefulneas", M. E. Bunch, J. B. Prerichs, and 
J. C. R. Licklider, J^ Comp. Psjrchol., 26 , 499-51^ (1938) 

"Speech and Sound Transmission Through Qas Masks. Part I: 

The Effecta of Army Qas Masks on Speech Communication", 

J. P. Egan, et al, OSRD Report l8l6 (1943) 

"Voltage-Qain and Power-Output-Capability Requirements for 
High-Altitude Interphone Amplifiera", J. C. R. Licklider, 

OSRD Report 1975, PB 22911 (1944) 

"An Electronic Device to Simulate Atmospheric Static", S. S. 
Stevens, R. L. Wallace, Jr., A. D. Brown, and J. C. R. Licklider, 
Harvard Paycho-Acoustic Laboratory Report IC-75 (1944) 

"Articulation Tests of Standard and Modified Interphones, 
Conducted During Plight at 5000 and 35,000 Peet", J. C. R. 
Licklider and K. D. Kryter, OSRD Report 1976, PB 5505 (1944) 

"Articulation Teata of the Wasmansdorff Noise-Peak Limiter", 

J. C. R. Licklider and M. I. Stein, Harvard Psycho-Acoustic 
Laboratory Report IC-84 ( 1944 ) 

"The Effects of Amplitude Distortion upon the Intelligibility 
of Speech", J. C. R. Licklider, OSRD Report 4217, PB 19775 (19^^) 

"Pield Tests of Premodulation Clipplng in the Transmitter of 
a Type 19 Wireless Set", J. C. R. Licklider and E. B. Newman, 
Harvard Paycho-Acoustic Laboratory Report IC-121 (19^5) 

"A Premodulation Clipper for Voice Cnmmunication Transmitters", 

J. C. R. Licklider'and Q. A. Roberts, Harvard Psycho-Acoustic 
Laboratory Report IC-100 (1945) 
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"Artlculatlon Teata of Two Nolae-Reduclng Clrculta In Experl- 
mental Alrcraft Radlo Recelver AN/ARR-15", S. J. Ooffard and 
J. C. R. Llckllder, Harvard Paycho-Acouatlc Laboratory Report 

IC -132 ( 19 ^ 5 ) 

"A Two-Carrler Syatem for Radlo Communlcatlon", W. J. Cunnlngham 
and J. C. R. Llckllder, OSRD Report 6112 (19^5) 

"Effecta of Enforced Nakefulneaa uçon the Orovth and the Maze- 
Learnlng Performance of Vft'ilte Rats”, J. C. R. Llckllder and 
M. E. Bunch, J. Comp. Paychol. , 39 , 339-350 (19^6) 

"The Performance of Countermodulatlon and Statlc-Cancelllng 
Clrculta In Alrcraft Radlo Recelver AN/ARR-15"f J. C. R. 

Llckllder and S. J. Ooffard, Harvard Paycho-Acouatlc Laboratory 
Report PNR-9 (19^6) 

"Effecta of Statlc on Radlo Range Performance: Laboratory 
Teata of the Improvement Provlded by Nolae-Reduclng Clrculta", 

S. J. Ooffard and J. C. R. Llckllder, Harvard Paycho-Acouatlc 
Laboratory Report PNR-10 (1946) 

"The Effecta of Tlltlng and Cllpplng upon the Intelllglbillty 
of Speech", N. B. Oroaa and J. C. R. Llckllder, Harvard Paycho- 
Acouatlc Laboratory Report PNR-11 (1946) 

"Effects of Amplltude Dlstortlon upon the Intelllglblllty of 
Speech", J. C. R. Llckllder, J. Acouat. Soc. Am., 18, 429-434 
(1946) - 

"Premodulatlon Cllpplng In AM Volce Connnunlcatlon", K. D. Kryter, 
J. C. R. Llckllder, and S. S. Stevena, J. Acouat. Soc. Am.. 19, 

125-131 (1947) ■ 

"Statlc for Radlo Recelver Teata", J. C. R. Llckllder and 
E. B. Nf>wman, Electronlca , 20, 98-101 (194?) 

"The Influence of Amplltude Llmltlng and Prequency Selectlvlty 
upon the Performance of Radlo Recelvera In Nolae", W. J. 
Cunnlngham, S. J. Ooffard, and J. C. R. Llckllder, Proc. I.R.E., 

1021-1025 ( 1947 ) - 

"The Intelllglblllty of Rectangular Speech Wave8", J. C. R. 
Llckllder, D. Blndra and I. Pollack, Am. J. Psychol., 6 I. 1-20 
(1948) - ^ - 

"Oaclllographlc Scatterplota Illuatratlng Varlous Degreea of 
Correlatlon’'. J. C. R. Llckllder and E. Dzendolet, Sclence, 107, 
121-124 (1948) - 
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"Effecta of Dlfferentlatlon, Integratlon, and Inflnlte Peak 
Cllpplng upon the Intelllglblllty of Speech", J. C. R. Llckllder 
and I. Pollack, J. Acouat. Soc. Am. , 20 , 42-51 (1948) 

"The Influence of Interaural Phase Relatlona upon the Masklng 
of Speech by Whlte Nolse", J. C. R. Llckllder, J. Acouat. Soc. 

Am. , 150-159 (1948) 

"Audltory Reaearch and Undersea Warfare", J. C. R. Llckllder, 
Natlonal Researcn Councll Report NRC:CUW:0042 (l949) 

"Statlstlcal Blas In Comparlsons of Monaural and Blnaural 
Thresholds: Blnaural Summatlon or Blnaural Supplementatlon", 

M. H. Smlth and J. C. R. Llckllder, Psychol. Bull., 46, 278-284 

( 1949 ) 

"The Intelllglblllty cf Interrupted .Speech", 0. A. Mlller and 
J. C. R. Llckllder, J. Acoust. Soc. Am. , 22, 167-173 (1950) 

"The Dlscrlmlnablllty of Interaural Phase Relatlons In Two- 
Component Tones", J. C. R. Llckllder and J. C. Webster, J. Acoust. 
Soc. Am., 191-195 ( 1950 ) 

"Observatlons on the Hoardlng Behavlor of Rats, L. C. Llckllder 
and J. C. R. Llckllder, J. Comp. Physlol. Psychol., 43, 129-134 

^ , V - - - --t 

"On the Prequency Llmits of Blnaural Beats", J. C. R. Llckllder, 

J. C. Webster and J. M. Hedlun, J. Acoust. Soc. Am., 22, 468- 

473 ( 1950 ) 

"The Intelllçlblllty of Amplltude-Dlchotomlzed Tlme-Quantlzed 
Speech Waves*, J. C. R. Llckllder, J. Acoust. Soc. Am., 22, 

820-823 ( 1950 ) 

"■nie Influence of Age and Pood Deprlvatlon upon the Hoardlng 
Behavlor of Rats", J. H. Porter, P. A. Webster, and J. C. R. 
Llckllder, J. Comp. Physlol. Psychol. , 44, 3 OO -309 (1951) 

"Place Mechanlsms of Audltory Prequency Analysls", W. H. Hugglns 
and J. C. R. Llckllder, J. Acoust. Soc. Am. , 2^, 290-299 (1951) 

"A Duplex Theory of Pltch Perceptlon", J. C. R. Llckllder, 
Experlentla . 7. 128-134 (1951) 

"A Orldless, Wlreless Rat-Shocker", J. C. R. Llckllder, J. Comp. 
Physlol. Psychol. , 334-337 (1951) 

"Baslc Correlates of the Audltory Stlmulus", J. C. R. Llckllder, 
Chap. 25 , Handbook of Experlmental Psychology , S. S. Stevens, 

ed., New York: John W'. ]py an<3 r.'ina, Ir.'. (19^ 1) 
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"The Perceptlon of Speeeh", J. C. R. Llckllder end 0. k. Mlller, 

Chap. 26, Handbook of BxperLaental Paychology , S. S. Stevens, ed., 

New York: J’ohn Wlley and ^na, Ino. (l^^l) 

"The Manner In Whleh and Bxtent to Whleh Speech Can Be Dletorted 
and Remaln Intelllglble", J. C. R. Llekllder, Chapter, Cybernetlea , 

H. von Porater, ed., Mew York: Joalah Macy, Jr. Poundatlon () 

"On the Proeeaa of Speech Perceptlon", J. C. R. Llekllder, J. Acouat. 
Soc. Am. , 590-59« (1952) 

Hearlng", J. C. R. Lleklldar, Chap., Annual Revlew of Paycholosy , 

A, C. P. Stone, ed., Stanford, Callfornla: Annuai Reviflwa, Ine. 

T1953) 

"Aural Preaentatlon of Informatlon", J. C. R. Llckllder, T. M. 

Marlll, and U. R. 0. Nelaaer, M. I. T. Acouatlea Laboratory 
Report (195^) 

"Studlea In Speech, Hearlng, and Communlcatlon", J. C. R. 

Llekllder, K. N. Stevena, and J. R. M. Hayea, M. I. T. Acouatlca 
Laboratory Report (195^) 

"Tranaerlpt Paraphraae of the Conference on Probleme In Human 
Coamunlcatlon and Control", J. C. R. Llckllder, ed., Cambrldge, 
Maaaaehuaetta: Maaaachuaetta Inatltute of Technology (1955) 

"Long-Range Conatralnta In the Statlatlcal Structure of Prlnted 
Bngllah". N. 0. Burton and J. C. R. Llckllder, Am. J. Paychol., 

68 , 650-653 (1955) - 

"Audltory Prequency Analyala", J. C. R. Llckllder, Chap. 27, 
Informatlon Theory, Thlrd London Sympoalum, Colln Cherry, ed., 
tondon: BUtterwortha Sclentirlc mbilcationa (1956) 

"Maaklng of Speeeh by Llne-Spectrum Interference", J. C. R. 

Llekllder and Newman Outtman, J. Acouat. Soc. Am., 29, 287-296 
(1957) “■ 

"Three Audltory Theorlea", J. C. R. Llekllder, Chap., Paychology: 

, 1, S. Koch, ed., New York: McOraw-Hlll B^K 


"Audltory Analgeala In Dental Operatlona", Wallace J. Oardner and 
J. C. R. Llckllder, J. Am. Dental Aaaoc ., 11U4-1149 (1959) 

"An Bleetronle Devlee to Meaaure the Intelllglblllty of Speech", 
J. C. R. Llekllder, A. Blaberg and H. Schwarzlander, Proc. Natl. 
Blectronica Conference , Vol. XV, (1959) 

"Suppreaalon of Paln by Sound", Wallace J. Oardner, J. C. R. 
Llckllder and A. Z. Welar, Sclence , 132, 32-33 (1960) 


A Study of 
Co., Inc . \ 
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'Man>Coinputer Symbloala", J. C. R. Llckllder, I. R. E. Traneactlone 
on Human Pactore In Electronica , Vol. HFE-1, No. 1, (March 19b0) 

"(^ael-linear Operator Modele In the Study of Manual Tracklng", Part 
3 of Developmenta In Mathematical Paychology , R. D. Luce, Editor, 
Free Freaa of Ulencotr, niinola, 

"Aural Detection of Complex Signala in Random Noiae", J. C. R. 
Licklider and David M. Oreen, Proc. 3rd Intem, Congr. Acouatica, 

I. C.A. art. 3N1 (in preaa) 

"On Paychophyaiological Modela, with Particular Reference to One 
Bxample that Illuatratea Several of their Aima and Problema", 

J. C. R. Licklider, Chap,., Proc. Int. Sympoaium on Senaory Communi- 
cation, W. J. Roaenblith and 0. Stone, eda. (In preaa) 
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JOHN A. SWETS - Senlor Scientlst 

Education: B.A., Unlverslty of Michlgan, 1950; M.A., University of 
Michlgan, 1953; Fh.D., University of Michigan, 195^. 

Professional Exoerience: Teaching Pellow and Research Assistant, 

Department of P^ychology, Unlversity of Mlchlgan, 19^9-1953; 

Research AsBiatant, Electronic Defense Oroup, Department of Electrical 
Er.gineering and Vision Research Laboratory, Departmert of Psychology, 
Unlverslty of Mlchigan, 1953-195^: Instructor in Fsychology, Paculty 
Consultant to the Electronic Defense Oroup, and Staff Member of the 
Arvnual Lingulstic Institute, University of Michigan, 195^-1956; 

Conaultant in Psychology, Research Department, Melpar Inc., 1956-1958; 
Vialting Research Pellow, Instituut voor Perceptie Onderzoek, Eindhoven, 
Netherlands, summer 1958; Assistant Professor of Psychology, Massachusetts 
Institute of Technology, 1956-1960; Associate Professor of Psychology, 
Massachusetts Institute of Technology, 1960-present; Bolt Beranek and 
Newman Inc., 1958-present. 

Honors and Societles: Pellow, Acoustical Society of America; Member, 
American Psychological Association, Eastern Psychological Association, 
American Association for the Advanceirent of Science, Psychonomic 
Society, Sigma Xi, Armed Porces-NRC Conmittee on Hearing and Bioacoustics. 

Prpfebslonal Responslb ilitles and Pro.lects: In addition to teaching a 
varlety of courses in psychology, Dr. Swets has conducted research 
concerned with general theories of behavior, auditory and visual 
processes, mathematlcal models of signal detection and identification, 
and varlous problems in l«*aming, motivation, and communications. 









Papera and Publicatlons ; 

Tanner, Jr., W. P., and Swets, John A., "A New Theory of Vlsual 
Detectlon," Tech. Rpt. No. l8, Electronlc Defense Oroup, Unlverslty 
of Mlchlgan, ■ 

Swets, John A., "An Experlmental Comparlson of Two Theorles of 
Vlsual Detectlon," Doctoral Dlssertatlon, Unlverslty of Mlchlgan, 

195^. 

Tanner, Jr., W. P., and Swets, John A., "Psychophyslcal Appllcatlon 
of the Theory of Signal Detectablllty," Report 1950-5-S,‘Electronlc 
Defense Oroup, Unlverslty of Mlchlgan, 195^» (Reprlnted from 
Mlnutes of Armed Porces-NRC Vlslon Commlttee meetlngs of 13 November 
1953). 

-,-, "The Human Use of Informatlon, I. Slgnal Detectlon for 

the Case of Signal Known Exactly," Trans. Inst. Radio Engrs., 
Professional Oroup on Information Theory, k, 

-,-, "A Decision-Making Theory of Visual Detection," Psychol. 

Rev ., 61» 401-409, 1954 . 

Swets, John A., Tanner, Jr., W. P., and Birdsall, T. 0., "The 
Bvidence for a Decision-Making Theory of Visual Detection," 

Tech. Rpt. 40 , Electronic Defense Oroup, University of Michigan, 1955. 

Tanner, Jr., W. P., Swets, John A., and Oreen, D. M., "Some Oeneral 
Properties of the Hearlng Mechanism," Tech. Rpt. No. 30, Electronic 
Defense Oroup, University of Michigan, 

Swets, John A., and Birdsall, T. 0., "The Human Use of Irtformation, 
III. DecisiorvMaking in Signal Detection and Recognition Situations 
Involving Multiple Alternatives," Trans. Inst. Radio Engrs., 
Professional Oroup on Information Theory, 1 t-z, 138-1857 ^956. 


Swets, John A., "Indices of Signal Detectability Obtained with 
Various Psychophysical Procedures," J. Acoust. Soc. Am., 31» 

511-513, 1959. 

Swets, John A., Shipley, E. P., McKey, M. J. and Oreen, D. M., 
"Multiple Observations of Signals in Noise," J. Acoust. Soc. Am., 
514-521, 1959 . 

Swets, John A., and Oreen, D. M., "Sequentlal Decisions by Human 
Observers of Signals In Nolse," In Colln Cherry (ed.), Informatlon 
Theory, London: Butterworths Sclentlflc Publlcatlons, l96l. 
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Swet8, John A., "Deteotlon Theory and Psychophyalca: A Revlew, 
Peychometrlka , 26, ^9-63» 1961. 

Swet8, John A., "Ib There a Seneory Threahold?," Sclence , 13^» 
168-177, 1961. 

Swet8, John A., Tanner, Jr., W. P. and Blrdaall, T. 0., "Declalon 
Prooessea In Perceptlon," Peychol . Rev., (In Preaa, September 1961). 

Swet8, John A., and Sewall, S. T., "Stlmulua va. Reaponae Uncertalnty 
In Recognltlon." J. Acouat. Soc. Am. . (In Preaa). 

Swet8, John A., Oreen, D. M. and Tanner, Jr., W. P., "On the Wldth8 
of Crltlcal Bande," J. Acouat. Soc. Am. , (In Preaa). 

Swet8, John A., Schouten, J. F., and Lopea-Cardozo, B., "On the 
Span of Attentlon," (in preparatlon). 

Swet8, John A., Mlllman, S. H., Fletcher. W. E., and Oreen, D. M., 
"Leamlng to Identlfy Non-Verbal Sounda, ' (In preparatlon). 
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JAMBS 0. HOLLAND - Senlor Sclentist 

Mucatlon ; B.S., Vllllara and Mary College, 1930; M.A., Universlty 
of Vlrglnla, 1952; Ph.D., Unlverslty of Vlrglnla, 1955. 

Profesalonal Hxperlence ; Research Paychologlat, Departraent of 
Paychology, Unlveralty of Vlrglnla, 1951-195^; Reaearch 
Psychologlatj Unlted States Naval Research Laboratory, Nashlngton, 
D.C., 195^-1957; Reaearch Pellow, Departraent of Paychology, 

Harvard Unlveralty, 1957 to date. 

Honora and Socletlea; Meraber, Araerlcan Psychologlcal Assoclatlon. 


Profeaalonal Reaponalbllltles and Projects ; Dr. Holland has had 
aa hla raajor research Intereats learnlng theory, raotlvatlon and 
perceptlon. Slnce Jolnlng Dr. B. P. Sklnner at Harvard In 1957, 
hls entlre attentlon has been devoted to research on programraed 
Instznjctlon. At Bolt Beranek and Newman Inc. Dr. Holland Is 
concemed wlth the plannlng and supervlslon of research and 
developraent In prograraraed Instructlon. 

Papera and Publlcatlona ; 

Holland, J. E., "Huraan Vlgllance”, Sclence , 128 , 61-67, 1958. 

---, "A Teachlng Machlne Prograra In Psychology”, Autoraatlc 
Taachlng; The State of the Art , Oalanter, E. H., (ed.), New York, 
John Wlley and Sona, 69-82, 1959. 

---, "Teachlng Machlnes; An Appllcatlon of Prlnclples frora the 
Laboratory", Teachlng; Machlnes and Prograraraed Learnlng , Lumadalne, 
A. A. and Olaser, R., (eds.), Washlngton, Natlonal Educatlon 
Aaaoclatlon of the Unlted States, Part III, 215-28, 196 O. 
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Also publlshed "Itie Inpact of Teatlng on the Educatlonal Proceas" 


Proceedli.«^s of the Educational Testlng Servlce Invltatlonal 
Conference, 1959• Educatlonal Testlng Servlce, Prlnceton, New 
Jersey, 196 O (in press). 

Sklnner, B. P., "A Self-Tutorlng Introductlon to a Sclence 
of Behavlor", unpubllshed manuscrlpt, Psychologlcal Laboratorles 
Harvard Unlverslty, Cambrldge, Massachusetts, clrca 1958-1959■ 

-, Sklnner, B. P., The Analysls of Behavlor; A program for 

Self-Instructlon, New York, Mcaraw-Hlll Book Company, 196 I. 




PAUL E. DITTMAN - Supervlaory Sclentlat 


Bducatlon ; B.S., New York State College, 1938; Orad. Work 
N. Y. U., 1939-^0; M.S., Unlv. Illlnola, 1950. 

Profeaalonal Experlence ; USAP Operatlonal pllot, Operatlona and 
Tralnlng Staff Offlcer, R and D Project Offlcer, 1941-45; Con- 
aultant In Tralnlng Equlpment Dealgn, Llnk Avlatlon, Inc., 

1946-50; Reaearch Aaalatant, Avlatlon Paych. Lab., U of Illlnola 
(on leave of abaence frora Llnk Avlatlon), 1949-50; Staff 
Offlcer (Huraan Pactora), Hq. USAP and Hq. ARDC, 1951-53; Aaat. 
for Human Englneerlng to Dlrector of Englneerlng Servlcea, 

Melpar, Inc., 1953-55» (Clvlllan Sclentlat), Headquartera, 

USAP, Chlef, Huraan Pactora Dlvlalon, Human Englneerlng and 
Tralnlng Branch, 1955-56; Alr Porce Offlce of Sclentlflc Reaearch •• 
Deputy Chlef, Behavloral Sclencea Dlvlalon, 1956-58; Boelng 
Alrplane Co., Aero Space Dlvlalon, Aaalatant Chlef, Human Pactora 
Englneerlng Sectlon, Seattle, 1959-60. 

Honora and Socletlea ; Kappa Phl Kappa; Soclety of Englneering 
Paychologlata; ASME Human Pactora Comralttee; Huraan Pactora 
Subcoramlttee, Electronlc Induatrlea Aaaoclatlon; Human Pactora 
Soclety; Aeroapace Medlcal Aaaoclatlon; Inatltute of Aeroapace 
Sclencea; Inatltute of Radlo Englneera (Profeaalonal Oroup on 
Huraan Pactora In Electronlca); Amerlcan Rocket Soclety; AAAS; 
Natlonal Aeronautlca Aaaoclatlon. 

Profeaalonal Reaponalbllltlea and Projecta ; Mr. Dlttraan haa been 
actlve In human factora englneerlng and ayateraa development alnce 
1945 . Hla work haa encompaaaed the dealgn and development of 
tralnlng equlpment and raethoda, the development of procedurea 
for the dealgn of peraonnel aubayatema, and reaearch on Informa- 
tlon ayatema and dlaplaya. Slnce 1951 the majorlty of hla effort 
haa been devoted to the plannlng and management of human factora 
englneerlng reaearch and development programa wlth partlcular 
reference to aeronautlcal and aeroapace ayatema. 




SUMNER B. COTZIN - Senlor Sclentist 


Educatlon: B.S. suinina cum laude, Yale College, 1938; 

Pn.D. (cnemlatry) Yale Unlveraity, 19^1; M.A. (Mathematics) 

Clark Univeraity, 19i:0. 

Profeaaional Experience: Teaching Assistant, 1938-19^0, Research 
Pellow, 1940-19^1» Yale University; Inatructor, Union College, 
1941-1944; Inatructor, Albany College of Pharmacy, 1942-1944; 

Research Chemiat, Norton Company, Vorceater, 1944-1946; 

Inatructor, Clark Univeraity, 1958-1960; Lecturer, Clark Evening 
College, 1959-1960; Lecturer, Clark Summer School (National 
Science Poundation), 19d0; Assistant Professor, Assumption College, 

19'0-present; Lecturer Assumption Prep. (National Science Poundation), 
Summer, 19ol; Lecturer, PEP (Pre-College Education) Program, 
Aaaumption College, 1960-preaent. 

Honora and Societiea: Si«ma Xi, American Cnemical Society, American 
Mathematical Association. 

Profeaaional Rtaponaibilitiea and Projects: Dr. Cotzin's 
teachin ■ experience naa been in the fields of general, inorganic 
chemiatry, qualitative and quantitative analysis; more recently 
it haa been in the fielda of general mathematics, calculus, modem 
algebra and geometry. His reaearch haa been in the fields of 
organic syntheais (particularly compounds of a pharmaceutical 
nature), the chemistry of silicon compounds and silicones, and 
lately in the field of group theory, especially modem algebra 
and finite pro^ective planes. Hia students in the National 
Science Poundation Inatitutea during the past two summers 
included junlor jollege and college inatructors, and gifted high- 
school juniors and seniors. 

His research intereat at Bolt Beranek and Newman Inc. is in 

the area of programming inatruction in the teaching of mathematica. 





JBAN ANVYLL 


Bducatlon ; B.A., Nount Holyoke College, June 1958; Phllosophy, 
Nathenatlca, Sclence. 

Professlonal Bxperlence: Research Asslstant, Hunan Pactors 
Sectlon, Blectrlc Boat Dlvlsion, Oeneral Dynanlcs Corporatlon. 
Bxperlnental deslgns and reduction of data in experiments eval- 
uating submarine man-machine control systems, preparation of war 
ganes for tactical training, 1956-1959- 

Research Associate« Human Pactors Section, Itek Laboratories, 
Lexington, Nassachusetts. Activities in Teaching Nachine Pield: 
developed demonstration programs, Accounting Principles and Life 
Insurance Nortality Tables , prepared teaching nachine supplement 
to educational televislon course in Probability Theory . Under 
contract to Spiegel, Inc. developed self-instructional program 
for training package billing clerks. Work under Spiegel contract 
included analysis of training problem, design of program, pre- 
paration of workbooks, integration of program into Pall I 960 
training classes and experimental evaluation of program. Present- 
ly developing self-instructional program for in plant training 
of clerical personnel. Activities in Englneering Psychology: 
participated in the design of experiments for evaluating photo- 
interpretation techniques and human search behavior, preparation 
of human factors reports, and the evaluation of training problems 

At Bolt Beranek and NewBan Inc. Nlss Anwyll will focus her 
attention on research and development in the field of programmed 
instruction. 




HELEN BUCHANAN 
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Educatlon ! A.B., Smith College, 1956 (cum laude); M.A. Oraduate 
School of Educatlon, Harvard Unlveralty, 1958» Ed.D, (expected 
In Narch, 1962), Oraduate School of Educatlon, Harvard Unlveralty. 

Profeaalonal EKperlence ; Reaearch Aaalatant to Dr. Donald W. 

Ollver, Oraduate School of Educatlon, Harvard Unlveralty, July 
1959 to Auguat 196 I. Mlaa Buchanan'a work Included experimental 
dealgn, wrltlng and adaptlng text and caae materlala on American 
hlatory, government, economlca, and current eventa; wrltlng or 
adaptlng, adminlaterlng, acoring teate of peraonallty, Intereat, 
aptltude, and achlevement; deaigning and uaing obaervation 
acorlng teata In reaearch. All of the foregoing activitiea 
were part of reaearch on the teachlng of the aclentlflc method 
and the prlnclplea of loglc to Junlor hlgh achool atudenta. 

Teacher, Weat Babylon Junlor Hlgh School, September 1957 to 
June 1958 . Teacher, Belmont Junlor High School, Pebruary 1957 
to June 1957 . Teacher (part time), Wellealey Hllla Junlor Hlgh 
School, September 1956 to December 1956. 

Aa a member of Bolt Beranek and Newman Inc., Niaa Buchanan will 
concentrate Inltlally on the development of programa of Inatructlon 
In the aocial atudlea field. 

Socletlea ; American Aaaoclation of Unlveralty Women, P1 Lambda 
Iheta. 




PAUL H. BUCKLEY 


Educatlon: Worceater Jr. College, Clark Unlveralty, Worce8ter 
State College, Boston Unlveraity 

Profeaslonal Experlence: Head of the Sclence Department and 
Teacher of aclencea and mathematlca, Petera Hlgh School, 
Southboro, 19^9-1956; Teacher of mathematlca and aclence, 

Harvard Junlor Hlgh School, 1958-1959; Asalatant Prlnclpal, 1959- 
1960 , Prlnclpal, 196 O- 1961 . 

Mr. Buckley'a experlence haa Included teachlng of hlgh achool 
blology, chemlatry, phyalca, general aclence, and aenlor mathe- 
matlca. In the Junlor hlgh achool he taught mathematlca and 
aclence. Aa Aaslatant Prlnclpal and Prlnclpal of the Harvard 
Junlor Hlgh School, he developed ne*r currlcv.la achedullng, a 
phyalcal educatlon program and a remedlal atudlea program. In 
1960 , Mr. Buckley wa8 one of one-hundred teachere In the Unlted 
Statea choaen to advlae the Natlonal Oeologlcal Soclety on 
currlculum atudy. He haa been leader of the aclence currlculum 
work 8hop for the flve-8chool unlon, of whlc>^ Harvard la a 
nember, for the laat two yeara. In addltlon, Mr. Buckley haa 
acted aa a atudent councll advlaor, guldance dlrector, audlo 
vlaual dlrector, Paculty Club prealdent, and lecturer at Rlvler 
College Oraduate School 196 I. 

Mr. Buckley'8 re^earch Intereat at Bolt Beranek and Newman Inc. 
focuaea on tralnlng systems and the meth<^d8 and content of 
px*ograiBned Instructlon. 

Socletles: Natlonal Educatlon Aaaoclatlon; Maaaachuaetta 
Teachera Aaaoclatlon; Natlonal Sclence Teachera Asaoclatlon; 

Heart Educatlon Commlttee. 





PAUL JOHNSON 


Bducatlon ; B.A., Queena College, New Yorlc, 19^5. 

Profeaalonal Experlence ; Reaearch Aaalatant, Paychlatrlc Depart- 
ment, Maaaachuaetta Oeneral Hoapltal, 19^6-193^; Language Thera- 
plat, Dr. Edtrln M. Cole, 195^-1955; Teacher of mathematlcs and 
dlrector of the readlng department, Cambrldge School of Weaton, 

1955 to preaent; Dlrector, Edgehlll School for Remedial Mathe- 
matlca, Engllah, and Readlng, 1953-1960; Dlrector, Readlng and 
Study Skllla Center, Cambrldge School of Weaton, 1961-preaent. 

Mr. Johnaon'a experlence haa Included teachlng of remedial 
readlng and atudy akllla to groupa and indivlduala on the 
Junlor hlgh and aenlop hlgh achool levela. At Maaaachuaetta 
Oeneral Hoapltal Ni'. Johnaon waa concerned wlth atatlatlcal 
atudy on the patterna of apeech; thla work waa conducted on 
granta from the Hall-Mercer Foundatlon. 

Aa Dlrector of the Edgehlll School and of the Readlng and Study 
Skllla Center of the Cambrldge School, Mr. Johnaon haa been rea- 
ponalble for currlculum planning for remedlal mathematlca, Engllah, 
and readlng programa and for the teatlng of atudenta on the hlgh 
achool level. 

Aa a aenlor aclentlat at Bolt Beranek and Newman Inc., Mr. 

Johnaon wlll partlclpate In the preparatlon of couraea of pro- 
graamied Inatructlon In hla flelda of Intereat and In the auper- 
vlalon of thelr fleld teatlng wlth repreaentatlve atudent pop- 
ulatlona. 




JOHN A. ROOERS 


Educatlon : B.A., Harvard Unlverslty, 19^9. 

Professlonal Experlence : Script wrlter, Louls B. de Rochemont 
Assoclates, Teacher, Engllsh and mathematlca, Thomas 

School, 1951-1952; Teacher of Engllah, Cambrldge School of 
Neaton, 1952-1955; Aaalatant Dlrector, Summer Seaalon, Cambrldge 
School of Weaton, 195^; Dlrector, Summer Seaalon, Cambrldge 
School of Weaton, 1955; Teacher of Engllah and remedlal readlng, 
Llncoln-Sudbury Reglonal Hlgh School, 1955-1956; Technlcal Wrlter, 
Baldwln Llma Hamllton, 1956; Publlclty Dlrector, Dynametrlca 
Corp., 1957 - 1958 ; Teacher of Engllah Compoaltlon, Cambrldge 
Center for Adult Educatlon, 1957-1960; Consultant, Study Sectlon 
In Blophyalcal Sclencea, Natlonal Inatltutea of Health, 1958- 
1959; Teacher of Engllah Compoaltlon, aummer tutorlal courae, 
Bromfleld School, Harvard, Maaaachuaetta, I 96 I; Bolt Beranek 
and Newman, Inc., 1959 to preaent 

In the fleld of technlcal wrltlng and publlc relatlons Mr. 
Rogera'a experlence haa Included the wrltlng and edltlng of 
acrlpta for documentary fllms, both for ccmmerclal and for 
government use, and varlous types of reports, Instructlons 
manuala and operatnrs handbooks, and Informatlonal and pro- 
■otlonal llterature. 

Mr. Rogera's teachlng experlence has Included the teachlng of 
Engllsh compoaltlon and llterature to high school students and 
to adulta, dlrectlon and supervlslon of currlcula for summer 
seaalona and for advanced standlng classes In Engllsh and 
hlatory, and teachlng and supervlslon of teachlng of tutorlal 
groups and Indlvlduals In speclal courses In mathematlcs and 
Engllsh for both advanced and remedlal students. 



LINDA T. SPRAOUE 



Educatlon ; B.S. (paychologlcal meaaurementa), Slmmona College, 

1955; Oraduate Study, Boaton Unlveralty, 1960-pre8ent. 

Profeaalonal Experlence : Technlcal Aaalatant In Paychologlcal 
Reaearch, Maaaachuaetta Inatltute of Technology, 1955; Aaaoclate 
Staff Member, Human Pactora Oroup, Alrbome Syatema Laboratory, 

Radlo Corporatlon of Amerlca, 1956-1959; Technlcal Speclallat, 

Human Pactora Department. Mltre Corporatlon, 1959-1960; Bolt 
Beranek and Newman Inc ., 1960-preaent. 

Profeaalonal Reaponalbilitiea and Projects ; At the Maaaachuaetta 
Inatltute of Technology, Mlaa Sprague aaalated In the conductlon 
of teata of effectlveneaa of varloua maaklng algnala for uae aa 
antl-Jammera. At the Radlo Corporatlon of Amerlca her work 
Included almulator flre control atudlea for ateerlng dlaplay 
dealgn, dealgna of layout for cockplt Inatrumentatlon for Interceptor 
alrcraft, mlaalon and taak analyaea for mlaalle and manned aatelllte 
ayatema, and Inveatlgatlon of optimum control-dlaplay relatlonahlpa 
for uae In manual tracklng ayatema. At the Mltre Corporatlon, 
ahe evaluated the effectlveneaa of an Alr Porce program for In- 
aervlce malntenance of the SAOE computera. At BBN, Mlaa Sprague 
haa engaged In reaearch on the effectlveneaa of aelected mualc 
and nolae algnala In reduclng the a^areneaa of both pathologlcal 
and experlmental palna. ^he haa alao worked on varloua aapecta 
of man-machlne ayatema. At preaent ahe la worklng on a project 
to develop technlque8 for effectlve programmed learnlng for 
teachlng machlnea. 
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